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SUMMARY 

A transonic turbine designed for high diffusion on the rotor pres- 
sure surface and. low diffusion on the suction surface was investigated 
experimentally. The performance resiats of the turbine show that the 
total-pressure-ratio adiabatic efficiency of the turbine was 0.869 at 
design specific work and design speed. A comparison of the subject 
turbine with the most efficient transonic turbine in the present series 
of investigations showed that the subject turbine, with a 36-percent 
reduction in solidity, had an efficiency almost as high. 

The performance resvilts of six transonic -turbine configurations in- 
vestigated thus far revealed that the specific blade loss can be corre- 
lated better by the sum of the suction-surface and pres sure -surface 
diffusion parameters than by the suction-surface diffusion parameter 
alone. As the sum of the two diffusion parameters increases, the specific 
blade loss increases almost linearly. However, considering the relatively 
small amount of data on high rotor-inlet relative Mach number turbines, 
it cannot be assumed that this type of correlation is con5)letely valid. 
Nevertheless, the investigations to date do point out that pressvcre- 
surface diffusion, as well as suction-surface diffusion, is an important 
design consideration. 


INTRODUCTION 

High rotor-inlet relative Mach number turbines, hereinafter called 
high Mach nmber tvirbines , are particularly important in aircraft jet- 
engine design because they have higher specific work, higher weight flow 
per mit frontal area, and possibly fewer stages than more conservative 
turbines (ref. l). However, in order to utilize these advantages to a 
greater extent, the efficiencies of high Mach number txarbines must be 
comparable with those of more conservative design. 
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Two characteristics of high Mach number turbines which make the job 
of obtaining high efficiencies rather difficult are low reaction across 
the rotor and high blade loading. For the case of low reaction, indi- 
cated by approximately equal inlet and outlet relative velocities, higher 
blade loading results in higher diffxision (deceleration) on the rotor- 
blade surface. In order to obtain low solidities the loading per blade 
m\ast be high, which results in high diffusion. 

The effects of rotor suction-surface diffusion on the performance of 
four different transonic turbines, which were designed for rotor -htib in- 
let relative Mach numbers of about 1.0, are discxissed in references 2 to 
5. For these turbines, it was found that the loss per blade increased 
markedly with an increase in suction-surface diffusion. Therefore, it 
is evident that high efficiencies of high Mach number turbines will only 
be obtained with low diffusion on the suction surface. 

With the restrictions of low reaction, high blade loading, and low 
suction-surface diffusion, a fairly high diffusion mtist then occur on the 
pressure sxirface. J\ist how high the pressure -sxirf ace diffusion should be 
to minimize the sum of the losses resulting from diffusion and the viscous 
losses resiilting from high solidity (or large wetted area) is not known. 
Therefore, in order to study the effect of high pressure -sxirface diffusion 
on the performance of high Mach number turbines, a transonic -txirbine rotor 
was designed for as high a pressure -surface diffusion as possible with- 
out choking the rotor below design weight flow. 

The over -all performance of the subject turbine and a comparison of 
its design -point performance with those of other transonic turbines on 
the basis of diffusion parameters are presented herein. Also, the re- 
sults of a survey downstream of the rotor and a discussion of the effect 
of high pressure -surface diffusion on the location of regions of low 
local efficiency are given. 


TURBINE DESIGN 
Design Requirements 

The following design requirements for the 14-inch cold-air turbine 
investigated are nominally the same as those for the reference turbines 


(see table l): 

Equivalent specific work output, Ah'/0^^, Btu/lb . . 23.03 

Equivalent wei^t flow, ew/y/’S^/S, Ib/sec 11.95 

Equivalent tip speed , U^/ , ft/ sec 597 
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The work output of 23.03 Btu per pound is slightly higher than that for 
any of the turbines of references 2 to 6^ as will be discvissed in the 
section Design Velocity Diagrams. 

The symbols used in this report are defined in appendix A. It 
should be noted that the symbols differ slightly from those \ised in ref- 
erences 2 to 5, because the symbols were changed to conform with a stand- 
ard symbol listing in reference 7. 


Stator Design 

For the subject turbine and the turbine of reference 6 , a slightly 
different stator was vised from the one for the turbines of references 2 
to 5. The stator was designed for a decrease in trailing-edge thickness 
from 0.030 inch to 0.010 inch by removal of metal along the suction 
surface downstream of the throat. As mentioned in reference 6, the 
decrease in trailing-edge thickness improved the observed design-point 
efficiency by 0.6 of a point. Therefore, the stator with the thinner 
trailing edge was used for the subject investigation. 


Design Velocity Diagrams 

The subject turbine rotor was designed for a slightly different 
velocity diagram (fig. l) at stations 5 and 6 from that of the transonic 
turbines of references 2, 4, 5, and 6 because of a decrease in blockage 
at the rotor trailing edge. For the reference turbine rotors, a trailing- 
edge blockage corresponding to 29 blades with 0.050- inch-thick trailing 
edges was used. In order to have used this same blockage for the sub- 
ject turbine rotor of 25 blades, the trailing edge would have been un- 
necessarily thick; therefore, a trailing-edge thickness of 0.030 inch 
was used. 

The reduction in trailing-edge blockage for the same exit whirl as 
used for the rotors of references 2, 4, 5, and 6 would have reduced the 
relative velocity just inside the trailing edge. Thus, at the hub the 
outlet relative velocity would have been lower than the inlet relative 
velocity, and a slight negative reaction would have occurred. Also, zero 
diffusion on the suction surface would have been impossible. For these 
reasons, the exit whirl was increased to provide hub inlet and outlet 
relative Mach numbers equal to 1.0. This increase in exit whirl changed 
the design equivalent specific work of the subject turbine to 23.03 Btu 
per pound as compared with 22.61 Btu per pound for the turbines of ref- 
erences 2, 4, 5, and 6. 

The assumptions used in reference 2 were used to obtain the velocity 
diagrams : 
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(1) Free vortex flow out of the stator and downstream of the rotor 

(2) Simple radial equilibrium throughout the rotor and out of the 
stator 

(3) Total pressure at stator exit equal to 0.97 of stator- inlet 
total pressure 

(4) Over-all adiabatic efficiency of 0.88 based on total press\ire to 
obtain the turbine-outlet total state and velocity diagram at 
station 6. 


Rotor- Blade Design 

The rotor-blade design procedxire is the same as that used in refer- 
ence 2 with the following exceptions: 

(1) A linear variation in static pressure was assumed to exist along 
each orthogonal Iq from blade to blade (fig. 2). For the turbines of 
references 2 and 3, a linear variation in velocity was assumed across the 
length between the blade surfaces s - t at each axial position. For 
the turbines of references 4 to 6, a linear variation in static pressure 
was assiamed across the length s - t. 

(2) The weight, flow crossing the orthogonal surfaces at particular 
axial stations was determined rather than the weight flow crossing planes 
perpendicular to the axis of rotation, as in references 2 to 6. The 
weight flow w was calculated from the equation 

r^t pc 

w = n I I pW dlQ dr (l) 

Jrh Jo 

(3) For each blade section at each axial station, the angle used in 

determining the midchannel velocity distribution was the average of the 
angles 3g and |3p (see fig. 2) between lines parallel to the axis of 
rotation and the suction and press\ire surfaces at either end of the 
orthogonal. This angle was found to be more representative of the 

average flow angle for the particular weight-flow calculation employed 
in this case than the mean camber angle used in the weight-flow 

calculation of references 2 to 6. 

(4) For the weight-flow calculation for each trial configuration of 
the subject turbine rotor, a zero suction-surface diffusion parameter Ds 
was originally assumed for the mean section. A mean suction-surface 
velocity distribution was selected to confonn with this D^ . In refer- 
ences 2 to 6 a midchannel velocity distribution was assumed at the hub 
section. 
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(5) A curvometer, described in appendix B, was used for measuring 
curvatures along the surfaces of the blade instead of the radometer de- 
scribed in reference 8 and used in references 2 to 6. 

The blade surface velocity distributions for the hub, mean, and tip 
sections are shown in figure 3. The maximum suction- surf ace critical 
velocity ratios at the hub, mean, and tip sections are 1.050, 1.072, and 
1.090, respectively. These re'sult in suction- surface diffusion parameters 
Ds, defined as the difference between the maximum blade surface relative 
velocity and the blade outlet relative velocity divided by the maximum 
blade surface relative velocity, equal to 0.048, 0.049, and 0.028 at the 
hub, mean, and tip, respectively. The minimum critical velocity ratios 
at the pressure surface are 0.381, 0.384, and 0.339, resulting in 
pres sure- surface diffusion parameters Dp, defined as the difference 
between the blade inlet relative velocity and the minimum blade surface 
relative velocity divided by the blade inlet relative velocity, equal to 
0.619, 0.487, 0.434 at the hub, mean, and tip sections, respectively. 

The rotor consists of 25 blades with solidities at the hub, mean, 
and tip sections of 2.16, 1.82, and 1.65, respectively. 

The rotor-blade coordinates are given in table II, and a sketch of 
the stator- and rotor-blade passages and profiles is shown in figure 4. 

A photograph of the 25-blade transonic -turbine rotor assembly is given 
in figure 5. 


APPARATUS, INSTRUMENTATION, AND PROCEDURE 

. The apparatus, instrumentation, and methods of calculating the per- 
formance parameters are the same as those described in reference 2 . A 
diagra mma tic sketch of the cold-air turbine test rig is shown in figure 6. 

Test runs were made at constant speeds of 60, 80, 90, 100, 110, 120, 
and 130 percent design speed. For each speed, the total-pressure ratio 
was varied from approximately 1.4 to the m^imum pressure ratio obtain- 
able. Turbine inlet conditions were maintained constant at nominal values 
of 145° F and 32 inches of mercury absolute. 


RESULTS AND DISCUSSION 
Performance Results 

The over-all performance of the subject transonic turbine is pre- 
sented by the performance maps in figufe 7. In this figure the equiva- 
lent specific work Ah'/®cr shown as a function of the weight-flow - 

speed parameter ewN/S for the various percentages of design speed. 
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Figure 7(a) presents the ovfer-all performance based on the total-pressure 
ratio P^Pg total-pressure-ratio adiabatic efficiency 

Figure 7(b) presents the over-all performance based on the rating total- 
pressure ratio P^/Pg ^ rating total-pressure-ratio adiabatic 

efficiency The over-all performance based on the rating total- 

pressure ratio is included because jet-engine' turbines are usually rated 
in this manner. However, a better evaluation of the turbine aerodynamic 
performance can be made by basing the results on the total-pressure ratio 

From figure 7(a) it can be seen that the efficiency at design work 
and design speed is 0.869, and the maximum efficiency is also 0.869. A 
con 5 >arison of design-point efficiencies in figures 7(a) and (b) indicates 
that the efficiency based on the total-pressure ratio Pg/Pg 

percen'tage points higher than that based on the rating total-pressure 
ratio pl/pl • This occurs as a result of the slight negative exit whirl 

0' b ^ X 

designed into the rotor (see. fig. l) . 

At design point, the subject turbine is almost as efficient as the 
most efficient turbine (ref. 6) in the present program of transonic- 
turbine investigation. The latter has an efficiency at design work and 
speed of 0.872 and a maximum efficiency of 0.878, as shown in figure 8 
by the performance map of the turbine of reference 6. These two tran- 
sonic turbines have ro'tors designed for nearly zero suction- surface 
diffusion parameters; therefore, they provide a good means of studying 
the change in specific blade loss with an increase in pressure- surface 
diffusion parameter. 

The subject turbine rotor has a 62 -percent-higher pres sure -surface 
diffusion parameter than that of reference 6 (see fig. 9 and table 

I) . This Istrge increase in Dp resulted in a large increase in the loss 

per blade, but a reduction in solidity of 36 percent just about offset 
the increased loss per blade. This approximate balance of losses in- 
dicates that there is a possibility of reducing turbine weight by de- 
creasing the solidity and Increasing the pressure-surface diffusion 
without any penalty in efficiency. However, for the present series of 
transonic turbines investigated, the rotor -blade hub solidity of 2.16 
for the subject turbine is the minimum that can be used without chok- 
ing the rotor at less than design weight flow regardless of the dif- 
fusion possible on the suction and pressure si^aces. The wei^t-flow 
restriction results from the large velocity gradients near the blade 
throat, which are caused by the large spacing between the blades. 
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Specific Blade Loss 

A plot of specific Blade loss L against the suction- surf ace dif- 
fusion parameter Dg is shown in figure 10. This figure includes a 

curve presented in reference 5 for the turbines of references 2 to 5 and 
the two points for the subject turbine and the turbine of reference 6. 

The location of the point for the subject turbine obviously makes it 
necessary to plot L on a different basis in order to obtain correlation 
In view of the fact that pres sure -surf ace diffusion is also a contributor 
to the rotor-blade lOss, a plot of L against the sum of the pressure- 
and suet ion- surface diffusion parameters Dp + Ds is given in figure 11. 
This figure gives a better correlation of the specific blade loss for all 
six turbine configurations and indicates that the specific blade loss 
may increase as the sum of the two surface diffusion parameters increases 
Whether or not Ds and Dp should be added on a par with each other is 

debatable. Nevertheless, figure 11 shows that adding Dg and Dp di- 
rectly gives good correlation. Although it is believed that the suction- 
surface diffusion is of greater importance because of the higher velocity 
level and the boxmdary- layer build-up prior to the point where dif- 
fusion begins, pressure-surface diffusion is also sviffic lent ly -im- 
portant that it should be considered in the rotor design. 

It should be noted that the values of specific blade loss for the 
subject turbine and the turbine of reference 6 fall below the curve drawn 
in figure 11. The reason for the lower specific blade loss for these 
turbines is that the efficiency with the stator used was slightly higher 
than that with the stator used for the turbines of references 2 to 5 
(see Stator Design). The specific blade loss for the turbine of refer- 
ence 4 is 0.0469 and for the turbine of reference 6 is 0.0449, which 
represents a decrease in specific blade loss of 0.0020. It is assiamed 
that approximately the same reduction in specific blade loss for the 
subject ttirbine resulted from using the modified stator. The data 
points (fig. ll) for the turbines of references 4 and 6 and for the 
subject txirbine indicate that for each stator there is a curve that 
could be drawn similar to the one shown. 


Sttrvey Results 

Detailed radial and circumferential surveys of total temperature 
and total pressure were made downstream of the turbine rotor with the 
turbine set at design speed and design work. The results of these 
surveys are shown in figure 12 as contours of local adiabatic efficiency 
T|j. The efficiencies below 0.825 occupy a solid band across the blade 

passage just above the mean section, and the radial width of the band is 
approximately 20 percent of the blade height. This loss region is sig- 
nificant, because the surveys behind other transonic-turbine rotors show 
a gradual decrease in local adiabatic efficiency from hub to mean a 



8 


MCA RM E55H29a 


more rapid decrease in efficiency near the tip (see ref. 5). This high 
loss region can be seen better in figure 13, which shows the radial vari- 
ation of mELximum and minimum local adiabatic efficiency. 


Blade -Element Loss Characteristics 


In order to study further the loss characteristics of the subject 
turbine, the rotor-blade-element loss parameter tug cos Pg/o was calcu- 
lated from the survey results, as in reference 9. The relative total- 
pressure loss coefficient o)g based on the measured outlet dynamic 

pressure is defined by 


CJD 
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( 2 ) 


Figure 14 is a copy of figure 7 in reference 9 (with the symbols of 
this report), which gives the blade-element loss parameter at the hub, 
mean, and tip sections as a function of the suction- surf ace diffusion 
parameter for the turbines of references 2 to 5. Also in this figure 

are the values of the loss parameter for each blade section of the subject 
turbine. The points for the hub and tip of the subject turbine are close 
to the curves for the reference turbines, but the point for the mean is 
considerably above the curve. The locations of the points for the subject 
turbine with respect to the curves probably result from the difference in 
the pa,ths taken by the low-momentum fluids resulting from pressure-surface 
diffusion and those resulting from suction- surface diffusion. 

In order to understand the difference between the effects of suction- 
surface and pres sure -surface diffusion, it is necesseiry to consider the 
forces acting on the boundary layer in the regions where the diffusions 
occur. Suet ion- surface diffusion usually occurs .along the last half of 
the blade where the whirl velocity is less than the blade speed; there- 
fore, the centrifugal force exceeds the static-pressure force, anti the 
low-momentum fluids in the suction-surface boundstry layer would move toward 
the tip. Pressure-surface diffusion usually occurs along the first half 
of the blade where the whirl velocity is greater than the wheel speed. 
Therefore, the static-pressure force exceeds the centrifugal force, and 
the low-momentum fluids in the pressure- surface boundary layer would move 
toward the hub during their travel over the first half of the blade. But, 
when the pressure force on the boundary layer reverses itself over the 
last half of the blade, the low-momentum fluids move back toward the tip. 

It is also possible that some of the low-momentum fluids moving toward the 
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hub along the first half of the blade reach the hub boundary layer, cross 
over to the suction surface as part of the hub boundary layer because of 
the cross -channel pressure gradient, and then move along, or separate from, 
the suction surface (see ref. 10). Certainly these boundary-layer flows 
occur, but the extent to which ’they could affect turbine performance is 
different for each turbine, depending on the amount of pressure-surface 
diffusion and the region in which the diffusion occurs. 

For the subject turbine, it is believed that a large amount of the 
low-momentum fluids resulting from high pressure-surface diffusion moves 
from the pressure surface to the suction surface as previously outlined, 
then is centrifuged outward to be measured as a loss near the mean sec- 
tion, as shown in figure 12. This high-loss region near the mean section 
is also evident from the value of the loss parameter for the mean section, 
which is considerably above the curve for the reference turbines shown 
in figure 14. Because pres sure -surface and suction- surface diffusions 
result in different types of radial shifts of low-momentum fluids, it is 
evident that, in general, correlation of the blade-element loss parameter 
with the design diffusion of a section is not feasible for three- 
dimensional blades of the type used in the transonic turbines investigated. 


SUMMARY OF RESULTS 

A transonic turbine which was designed for approximately zero dif- 
fusion on the suction surface and high diffusion on the pressure surface 
has been investigated experimentally. The significant results are as 
follows ; 


1. At design equivalent specific work and speed, the total-pressure- 
ratio adiabatic efficiency was approximately 0.869. 

2 . Comparison of the subject turbine with another transonic turbine 
having almost the same velocity diagrams and suet ion- surface diffusion 
parameter showed that the subject turbine lost only 0.3 of a percentage 
point in efficiency with an increase in the pressure-surface diffusion 
psirameter of 62 percent. 


CONCLUSION 

The experimental results of five transonic turbines investigated 
thus far showed that specific blade loss increases almost linearly with 
the sum of the suction-surface and pressure-surface diffusion pairameters. 



10 


MCA RM E55H29a 


However, on the basis of the relatively small amount of data on high- 
velocity turbines, this correlation cannot be assumed con^iletely valid. 
Nevertheless, the results to date point out that the pressure-surface 
diffusion, as well as the suction- surface diffusion, is an inportant 
design consideration. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, August 30, 1955 
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APPENDIX A 
SYMBOLS 


The following symbols are used in this report: 

Dp pressure-surface diffusion parameter, 

blad.e inlet relative velocity - minimum blade surface relative velocity 

blade inlet relative velocity 


D. 


suction- surf ace diffusion parameter. 


maximum blade surface relative velocity - blade outlet relative velocity 
maximum blade surface relative velocity 


Ah’ 

L 

^o 

N 

n 

P 

r 

s 

t 

U 

V 

W 

w 


specific work output, Btu/lb 

1-nt 

specific blade loss, 


m 


orthogonal length, ft 
rotative speed, rpm 
number of blades 
absolute pressure, Ib/sq ft 
radius, ft 
blade spacing, ft 

blade thickness in tangential direction, ft 
bleide velocity, ft/sec 
absolute gas velocity, ft/sec 
relative gas velocity, ft/ sec 
weight flow, lb/ sec 

relative gas-flow angle measured from axial direction, deg 
ratio of specific heats 
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6 ratio of inlet-air total pressure to NACA standard sea-level pres- 
sure, 


r 



local adiabatic efficiency based on total- state measurements from 
surveys downstream of rotor 

T)^ adiabatic efficiency, ratio of turbine work based on torque, weight 
flow, and speed measurements to ideal work based on inlet total 
temperature, and inlet and outlet total pressure, both defined as 
sum of static pressure plus pressure corresponding to gas velocity 

rating adiabatic efficiency, same as except outlet total pres- 

sure is defined as sum of static pressure plus pressure corre- 
sponding to axial consonant of gas velocity 


P 

a 

<P 

^6 


squared ratio of critical velocity at turbine inlet to critical 
velocity at MCA standard sea- level temperature, {Yqj. q/V^ 

gas densixy^ Ib/cu ft 

solidity^ ratio of blade chord to blade pitch 
angle measured from axis of rotation^ deg 

relative pressure loss coefficient based on measured outlet dynamic 


pressure^ 


^5 - ^6 

P6 - Pe 


Subscripts: 
av average 

c camber 

cr conditions at Mach number of 1.0 

h hub 
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m mean 

p pressure surface 

s suction surface 

t tip 

u tangential 

X axial 

0 station upstream of stator (see fig. l) 

1 station at throat of stator passage 

2 station at outlet of stator just upstream of trailing edge 

3 ' station at free -stream condition between stator and rotor 

4 station at throat of rotor passage 

5 station at outlet of rotor just upstream from trailing edge 

6 station downstream of turbine 

Superscripts: 

* MCA standard conditions 

' total state 

” relative total state 


14 


NACA RM E55H29a 


APPENDIX B 


PRINCIPLE AND OPERATION OF CURVOMETER 
By C . H . Hauser and W . J . , Nusbaum 

The curvometer shown in figure 15 is an instrument that determines 
the curvature at a point along an arbitrary curve. Its principle is the 
same as that of the radometer discussed in appendix C of reference 8, 
which is based on the fact that three points define a circle. 

The principal difference between the radometer and the curvometer 
is that for the radometer the three points are located by crossed lines 
H r ifj for the curvometer the three points are the points of contact of 
three circular disks. In both cases, however, two of the points are 
fixed on a base plate containing a scale and the third point is located 
on a movable arm pivoted about the fixed center point. 

The scale on the radometer is graduated in degrees for measuring the 
angle between the scale index line on the movable arm and a line through 
the other two points. The measured angle must then be converted from 
degrees to curvature, as discussed in reference 3. However, for the 
curvometer, the scale is graduated directly in curvature; therefore, the 
intermediate steps of converting degrees to curvature are eliminated. 

The curvometer is used in conjunction with a drafting spline which 
is alined along the curve. The two fixed contact disks are placed against 
the spline so that the center contact disk is touching the spline at the 
point where the curvature is to be measured. Then, the movable arm is 
moved until the third contact disk is touching the spline, and the curva- 
ture is read directly on the scale. Because the curvometer uses contact 
disks, instead of crossed lines as in the case of the radometer, a pre- 
diction of the curvature can be made prior to actually drawing the line. 
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TABLE I. - COMPARISON OF DESIGN FEATURES OF SIX 


TRANSONIC -TURBINE CONFIGURATIONS 


Design featvires 

Transonic turbine 

Ref. 2 

Ref. 3 

Refs. 4 
and 6 

Ref. 5 

Subject 

Equiv'alent specific work, 
AliV^cr^ Btu/lb 

22.61 

20.20 

22.61 

22.61 

23.03 

Equivalent weight flow, 
6w^/0^/8, Ih/sec 

11.95 

11.95 

11.95 

11.95 

11.95 

Equivalent tip speed, 
Ut/V ®cr > 

597 

597 

597 

597 

597 

Maximm rotor - 
blade surface 

Mach number 

1.28 

1.36 

1.10 

1.57 

1.11 

Critical velocity- 
ratio. 

1.22 

1.27 

1.08 

1 


1.09 

Average design 
diffusion 
parameter for - 

Suction svirface, 

Ds 

0.165 

0.306 

0.024 

0.250 

0.042 

Pressure siirface. 



0,316 

0.182 

0.513 

Mean-radius solidity, 

2.81 

2.16 

2.85 

2,36 

1.82 

Design velocity diagram 



Ref. 2 




I 

i 
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TABLE II. - ROTOR-BLADE-SBCTION COOTOINATES 
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Figure 2 . - Scane of the important variables in design procedure 


Suction sixrface 



gure 3. - Design rotor niidchannel and surface velocity distributions at hub, mean, and 
tip sections. (Dashed lines denote extrapolation to blade inlet eind outlet velocities 
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Suction, surface 



Figure 3, ~ Concluded. Design rotor midchannel and surface velocity distributions at, hub 
mean, and tip sections. (Dashed lines denote extrapolation to blade inlet and outlet 
velocities.) 
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Figure 5. - Photograph of traneonlc-turbine rotor. 
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Figure 6. - Diagraramatic sketch of cold-air turbine test section. 
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Figure 7. - Concluded. Experimentally obtained performance map. 
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Figure 8, - Performance map "based on total- 
pressure ratio for turbine of reference 6. 
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Figure 9. - Sum of suction- and pressure-surface diffusion 
parameters for five transonic -turbine rotors . 
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Figure 11. - Effect of total diffusion parameter 
on specific blade loss as determined from 
design-point performance of -six transonic-, 
turbine configurations. ■ 




32 


MCA EM E55H29a 


Tip 



Efficiency, 

I I 0.925 and above 


Hub 


n 

.90 - , 

.925 


.875 - 

.900 

pill 

.850 - 

.875 

im 

.825 - 

.850 

iiii 

.800 - 

.825 


.800 and below 


Figure 12. - Contours of local adiabatic efficiency from detailed siirveys downstream of rotor at design 
operating conditions. (Portion of turbine- out let flow annulus shown corresponds to about 1^ stator 
passages . ) 
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Figure 13. - Variation of maximum and minimum local adiabatic efficiency with radius ratio 












MCA EM E55H29a 


35 



NACA - Langley Field, Va. 


Figure 15. - Photograph of curvometer. 





